Post-traumatic stress disorder (PTSD) is an anxiety disorder that may develop after the experiencing or witnessing of a life-threatening event. PTSD is defined by the coexistence of three clusters of symptoms: re-experiencing, avoidance and hyperarousal, which persist for at least 1 month in survivors of the event (Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition). Using an established model of PTSD, we addressed the well-accepted clinical finding that only a minority (about 20%) of the individuals exposed to a traumatic event develop PTSD. Moreover, we followed individual rat behavior for up to a month, and then treated the PTSD-like animals with citalopram. Our data demonstrate high face (20% of rats exposed to a reminder of the stressor develop symptoms characteristic of PTSD) and predictive (response to citalopram) validities. Based on these validities we identified alterations in the Wolframin gene in the CA1 and amygdala regions, specifically in exposed PTSD-like rats, which were normalized after treatment with citalopram. We suggest the Wolframin gene as a putative biomarker for PTSD. Since Wolframin gene undergoes alternative splicing and has polymorphism in the population, it may serve a future marker for identification of the vulnerable population exposed to a traumatic event.
Introduction
Post-traumatic stress disorder (PTSD) is a chronic and disabling anxiety disorder that may develop in survivors of a traumatic event.
1 PTSD is currently defined by the coexistence of three clusters of symptoms: re-experiencing, avoidance and hyperarousal, persisting for at least 1 month. 2 Animal models, although limited in their ability to comprehend human complexities, are an invaluable tool in the research of markers for psychiatric disorders in general, and PTSD in particular. A good PTSD animal model of clinical conditions, should fulfill four criteria: 3, 4 etiological, face, construct and predictive validity. Unlike many other mental disorders, the diagnostic criteria for PTSD specify an etiological factor, which is an exposure to a lifethreatening, traumatic event. 5 Animal models differ from one another in their face, construct and predictive validities. A number of animal models have been developed, mimicking many of the behavioral and physiological changes seen in PTSD-like behavior. These models use different stress paradigm and show a wide range of behavioral and physiological manifestation in addition to different therapeutic effects of drugs. The application of direct physical stressors, such as electric shock, [6] [7] [8] [9] underwater trauma 10 and restraint stress, 11, 12 are the most widely used methods of applying a stressor to laboratory animals. Nevertheless, the use of exogenous stimuli that closely mimic those seen in nature, such as exposure to a live predator, [13] [14] [15] a predatory cue [16] [17] [18] [19] or psychological stress, 20, 21 might have greater etiological relevance, thereby leading to improved modeling and analysis of fear and anxiety states.
Stressed rats tend to show PTSD-like behavior such as increased immobility, decreased grooming and rearing, 18 decreased exploratory behavior and decreased food consumption. 22 The 'freezing' response has been used as a behavioral measure of anxiety or fear. 23 Among all the unconditioned stressors, the predator stress seems to be the most potent stressor, since its effects on fear/anxiety potentiation can last for 3 weeks. 13 In addition to behavioral models which utilize different components of environmental stimuli, many researchers use genetic models such as inbred strains, selected lines, linkage studies and gene targeting techniques (reviewed in Clement et al. 4 ).
Most studies using PTSD animal models refer to the entire exposed PTSD group as a uniform population. 7, 9, 24 A recent study showed that animals respond to stress heterogeneously and that it is essential to divide them into distinct groups according to magnitude of response and to study them accordingly. 15 This study emphasizes the immediate need for a new approach, which categorizes PTSD-like behavior individually. We took this model and further analyzed the animals for up to 28 days by treating each animal data individually according to three clusters of symptoms: manifestation of freezing behavior when (a) situated alone in an open field paradigm, (b) situated with a habituated companion and (c) after exposure to a hyperarousal event. Furthermore, we assessed predictive validity by testing the effect of citalopram (a serotonin selective reuptake inhibitor (SSRI)) on these three different symptoms.
Based on this setup, we looked for a new putative biological marker. Biological alterations may underline the onset and persistence of PTSD symptoms. 4, 25, 26 Such alterations are likely to be associated with differential gene transcription and may last long term after the exposure to the triggering event. The long-term alterations are likely to be associated with the PTSD state, while alterations that fade with time are more likely to represent the response to the acute stressful event. 27 The WFS1 gene is located in chromosome 4. This gene undergoes alternative splicing and in the general population has polymorphism. The product of this gene (Wolframin) is a glycoprotein located in the endoplasmic reticulum. This glycoprotein is highly distributed in the pancreas, heart and several brain areas. The function of Wolframin is completely unknown. Analysis of the structural features provides experimental evidence that Wolframin contains nine transmembrane segments and is embedded in the membrane into higher molecular weight complexes. In the rat brain, it is predominantly present in neurons of the hippocampus CA1, amygdaloid area, olfactory tubercle and the superficial layer of the allocortex.
Wolfram syndrome is caused by mutations in WFS1. These mutations are rare, and its recessive disorder is characterized by early-onset, non-autoimmune diabetes mellitus, optic atrophy, deafness and further neurological and endocrinological abnormalities.
Swift et al. 28 reported that 60% of Wolfram syndrome patients, when homozygous for WFS1 alleles, showed psychiatric symptoms in patients with high prevalence of depression. 29 Heterozygous carriers are at a 26-fold risk of psychiatric hospitalization, predisposed to psychiatric illness. Moreover, 1% of the population are carriers of a WFS1 mutation, which may contribute to susceptibility for psychiatric diseases.
Exposure of animals to predators or predator odors activates the hypothalamic-pituitary-adrenal axis plasma and significantly increases corticosterone in male laboratory rats. 15 Even very brief (for 5 min) exposure to predator odor activates the WSF1 gene in the amygdala and in other brain structures. 30 In the present study we (i) modified the existing animal model of PTSD (ii) re-test its face and predictive validities and (iii) suggest a putative candidate gene, WSF1, as a biological marker for PTSD.
Methods

Animals and treatments
Adult male Sprague-Dawley rats (250-300 g; Harlan, Rehovot, Israel) were used and housed under conditions of constant temperature (22 1C) and 50% humidity, with a 12-h light-12-h dark cycle. The animals were housed three per cage, two experimental rats together with a third companion rat. The same three rats remained together until the end of the study. Food and water were provided ad libitum. Animals were allowed to habituate in the animal house of Bar-Ilan University for 14 days.
All animal procedures were approved by the BarIlan University Animal Care Committee and were carried out in accordance with the NIH Guide for the Care and Use of Laboratory Animals.
Behavioral measurements
The following behaviors conditions were measured. Freezing time was monitored (videotaped) using an observer apparatus (Noldus, the Netherlands). The rat was tested alone (5 min), with its habituated companion (5 min), and after exposure to a loud noise (hyperarousal event) during 'post-startle response' (5 min). The loud voice was a 36.570.3 dB pick/scale A over baseline noise of 5570.5 dB measured by Quest instrument, Quest Technologies, model 2900, calibrated by QC-10 calibrator 114 dB-1000 Hz, which was recorded and was played back to the tested rats in each 'hyperarousal' condition. After the exposure to the litter, the rat was moved to the 'open field' in its home cage, and during the test, the testedrat was not removed from the open field nor touched. The three experimental conditions took place in the same box consecutively. The freezing time was calibrated to the percentage (%) of total time (see Results). 'Freezing' was defined when the rat stayed still without any movement for at least 2 s.
In the preliminary study, freezing, grooming, sniffing, climbing over, staying in the corner, crawling under and genital investigation were measured. After an initial analysis of the above parameters, we concluded that the freezing parameter was the only parameter that was significantly different between exposed PTSD-like and exposed non-PTSD-like rats and acute exposed rats.
Behavioral procedure
The model procedure spreads over 10 weeks as illustrated in Figure 1 and contained several stages.
Habituation. Rats were initially habituated in the 'open field' with their cage companion for 14 days, 5 min per day. The 'open field' was a 90 Â 90 Â 30 cm plastiglass box, which was placed under the camera. All experiments were performed between 0800 and 1400 in daylight. The video and computer equipment were situated in a separate room where all video and observation analyses were performed.
Baseline. Baseline for each of the conditions (exploration, with a companion rat and after a hyperarousal event) was measured on day 15 of habituation.
Initial exposure. One week later (day 22), experimental rats were exposed to litter with a cat scent (trauma). The trauma was performed in a separate testing area. The temperature and humidity in the exposed area were identical to the housing and the testing area conditions. Individual rats were placed in a clean plastic cylinder containing 125 ml of cat litter (litter which the cat used during the 24 h before the experiment) for 30 min, after which they were transferred to the 'open field', where the behavioral parameters were measured as described above. The cylinder was cleaned between each exposed rat and the same cat was used through the whole set of experiment. The group of rats, which were not exposed to the trauma, was housed in separate cages in a separate housing area during all experiments. The control group was exposed to the exact same conditions but to litter without a cat scent. Controls (that is, not exposed to trauma) were always tested 1 day before the exposed rats. The 'open field' where the rats were tested was cleaned between each tested rat.
Re-exposure (Re 1 ). One week following the initial exposure (day 29), rats were re-exposed to litter with the same texture (exposures were in the same conditions of 30 min to the litter without the cat scent) and tested for behavior under three separate conditions.
Re-re-exposure (Re 2 ). Four weeks after the initial exposure (day 50), rats were again exposed to litter with the same texture, but without the cat scent. Immediately after this exposure, they were tested for behavior under three separate conditions and then defined as exposed PTSD-like (PTSD-like) or exposed non-PTSD-like rats based on their behavioral results.
Behavioral data analysis
The range of each measured behavioral parameter was determined for all animals after habituation (week 3). We analyzed the data collected at baseline and applied the explore procedure using SPSS 11 to define the range of the population. The upper and lower levels of this range were treated as 'normal baseline' and alterations from this range were used to define PTSD-like behavior. Animals were subsequently divided into two groups: 'exposed PTSD-like' (exhibiting behavior above 'normal baseline' in all three conditions) and 'exposed non-PTSD-like' (non-PTSD-like animals exhibiting at least one behavior in the 'normal baseline' range).
Treatments After identifying exposed PTSD-like animals, these animals were randomly separated into two groups. Disposable micro-osmotic pump (Model 2ML2, AL-ZET, DURECT Corporodion, Cupertino, CA, USA) filled with saline containing citalopram HBr (Lundbeck A/S, Copenhagen-DK; 20 mg/kg/day) or saline as a vehicle control was implanted subcutaneously. The pump continuously released solutions for 14 days (5 ml h À1 ). At the completion of the 14 days of citalopram or saline treatment, the rats were re-tested in the open field for behavioral performance under the three conditions. The control group (which was exposed to litter without the cat scent on the 'initial exposure'; see Figure 1 ) also received citalopram or Figure 1 Flow chart of the behavioral model procedure.
saline treatment. The observer and experimenter were blinded as to the treatment.
Molecular methods cDNA synthesis. Rats were decapitated 24 h after last behavior analysis and their brains were removed rapidly. Serial 0.5 mm sections were cut and tissue punches of the basolateral amygdala, CA1 of the Hippocampus, as previous described, 31 were frozen at À70 1C until extraction.
Total RNA was isolated separately from both the basolateral amygdala and the CA1 sections from the control-saline, PTSD-saline and PTSD-citalopramtreated rats by single-step method (TriReagent, Sigma, Rehovot, Israel) using the manufacturers recommended procedure.
First-strand cDNA synthesis was carried out in a final reaction of 20 ml in the buffer provided by MmuLV-reverse-transcriptase (Roche, Mannheim, Germany). Three micrograms of total RNA, 20 pg oligo-dT primer (Roche) and 1 mM of dNTP mix (Roche) were added to the buffer. After heating to 65 1C for 2 min and cooling to 4 1C for 1 min, 50 U MmuLV-reverse-transcriptase and 20 U of RNase inhibitor (Roche) were added, and the reverse transcription was allowed to proceed at 37 1C for 60 min tubes without MmuLV-reverse-transcriptase served as negative controls.
Quantitative RT-PCR
The resulting first-strand cDNA (2 ml) was added to the PCR mixture containing 0.2 mM of dNTP mix, 1 mM of each oligonucleotide primer and 2.5 U Taq DNA polymerase in the buffer supplied by the enzyme manufacturer (Roche) for a final reaction volume of 50 ml. The primers used in the study are as follows:
0 -GGTATGGGTCAGAAGGACTCC-3 0 ; primer down 5 0 -TCAGGATCTTCATGAGGTAGTC-3 0 . Reactions were initially denatured at 94 1C for 2 min. PCR was then preformed using a thermal cycler (MJ Research, Watertown, MA, USA). For WFS1, the thermal cycler was programmed for 10 cycles, denaturation at 94 1C for 1 min, primer annealing at 55 1C for 1 min and primer extinction at 72 1C for 1 min, then 30 cycles, consisting of denaturation at 94 1C for 1 min, annealing at 60 1C for 1 min and primer extinction at 72 1C for 1 min using the optimal conditions for quantitative analysis (40 cycles for WFS1), the levels of the WFS1 mRNA were compared to b-actin levels. The PCR products were analyzed on 1% agarose gels containing athidium bromide, and visualized under ultraviolet light. The bands were scanned by a ultraviolet scanner, and the ratio between the target gene and b-actin gene band densities was used for quantitative evaluation. Image densitometric analysis was preformed using the NIH ImajeJ software by David Chow, Division of Computer Research and Technology, NIH 1998 edition.
Statistical analysis
An analysis of variance with a Bonferroni or Tamhane post hoc tests was used to compare the freezing time (as % of upper limit) between groups (non-exposed control, exposed stressed, exposed non-stressed). A paired two-sample Student's t-test was used to compare freezing behavior of treated animals. A Pearson's w 2 -test was used to examine whether there is a statistical dependence between treatment and percent of freezing time. A probability value of P < 0.05 was considered significant. Data are expressed as the mean7s.e.m.
Results
Behavioral results
A total of 176 rats were tested in the model. Preliminary results indicated the incidence of PTSD-like animals using our procedure to be about 16%. Therefore, 131 rats were exposed to the traumatic event (litter with cat odor) resulting in 21 PTSD-like animals and 45 were used as control animals (exposed to litter without the odor). Analyzing all baseline samples of behavior (explore procedure) found the upper level for excluding outliers (95% confidence) in the 'exploration' and 'hyperarousal' to be 1.5 interquartile range and for the 'companion condition' 2 interquartile range. According to the descriptive statistics, four rats were excluded from the study as outliers.
Analysis of the behavior before pharmacological treatment
The mean value of freezing time is presented in Table  1 . Following the second re-exposure (Re 2 , 35 days post trauma), rats were divided into two groups: exposed PTSD-like ('PTSD'; n = 21, 16.04%) and exposed non-PTSD-like ('non-PTSD'; n = 110) rats. Identification of the animals as PTSD and non-PTSD was depicted only after the second re-exposure and only if all three behavior clusters were above the defined baseline. Retrospective scattered behavior of all the animals in each of the three groups during the three checkpoints is compared in Figure 2 . Inconsistency in alterations of behavior can be recognized after the traumatic event (litter with cat scent) and first reminder 'exposure' (litter without cat scent). The data indicate that, in our setup, only after Re 2 PTSD-like rats are distinguishable.
Analysis of the behavior after pharmacological treatment PTSD-defined rats (total 21) were divided randomly into two groups. One group was treated with saline (n = 11) and the other with citalopram (n = 10). The magnitude of changes in freezing (normalized values) was determined by dividing the percentage of total time freezing during the 'test' (after 14 days of treatment) by the percentage of total time freezing in the 'Re 2 ' (pretreatment). As seen from the results (Figure 3a) , the average 'companion condition' was significantly improved (40%). Inter-analysis of this improved group showed that 60% of the rats were above 30% improvement and 20% remitted (values were restored to within the range of baseline). 'Exploration' and 'hyperarousal' were not significantly affected by citalopram compared to saline, when analyzed for each rat individually (data not shown) or averaged (Figure 3a) .
Normalized values for control-treated rats ( Figure  3b ) showed no differences between the two treatments under all three conditions. Unexpectedly, the percentage of freezing time was increased in both treatments, but eventually remained within the 'normal baseline' range of the population.
Wolframin expression in brain regions
Transcript levels of Wolframin gene were elevated in the CA1 hippocampus and basolateral amygdala of PTSD rats vs controls treated with saline. Transcript levels in animals exposed to the same traumatic procedure without developing enhanced freezing (non-PTSD-like rats) were identical to controls. Treatment of PTSD animals with citalopram for 14 days normalized this elevation in both regions (Figure 4 ).
Discussion
The primary aim of the present study was to suggest a putative biological marker for PTSD using an animal model that is based upon individual behavioral analysis. This model enables us to identify and separate the animals, which in the long term, after exposure to the trauma, will develop symptoms that mimic the PTSD-like disorder (hereafter 'exposed PTSD-like animals').
Most animal models known today refer to the animal group exposed to a stressful event as if it were a homogenous population. We admit that this approach overlooks the nature of the human pattern response to a stressful stimulus, which resembles heterogeneity as not all individuals cope with a stressful event in a similar manner. Although animal models do not presume to reflect human disorders in an accurate way, they try to approximate them. Hence, referring to all exposed animals as a uniform 'exposed PTSD-like population' without relating individually to the behavior of each exposed animal is literally the same as referring to all persons involved in a traumatic event as exhibiting a kind of PTSD-like behavior.
In human psychiatric practice, people suffering from PTSD are diagnosed, using structured questionnaires, such as CAPS (clinician-administered PTSD scale), according to three clusters criteria ('re-experiencing', 'avoidance' and 'hyperarousal'). We picked similar criteria for our analysis of maladapted animals and measured freezing time to a familiar open area when alone, with a nonspecific companion, and after a standardized loud voice (named them 'companion condition' and 'hyperarousal', accordingly). With caution, we suggest that these parameters may parallel the clinical manifestations of social withdrawal (isolation) and hyperarousal. Re-experiencing is modeled by given the trauma reminder aspect of second exposure to unscented cat litter and named 'exploration' after second exposure.
Moreover, we analyzed each animal individually, longitudinally and compared it to its own line and to the average of the normal naive population. Using this approach, our results show that 16.04% of the rats that were exposed and then re-exposed to the stressor developed PTSD-like symptoms. This result correlates well with statistics reported in human studies. 32, 33 Accordingly, following exposure to a traumatic event, 15-25% of the exposed population developed PTSD, whereas the majority showed spontaneous recovery within a year of the traumatic event.
1 Estimates of the lifetime prevalence of PTSD from surveys of the general adult population have ranged from 1 to 12.3%. 5 Although a higher lifetime prevalence of around 30% has been reported for Data shown for all three conditions: 'Exploration', 'companion condition' and 'Hyperarousal' in three different time points: 'Exposure' (7 days post baseline), 'Re 1 ' (14 days post baseline) and 'Re 2 ' (35 days post baseline). *P < 0.05 control vs non-PTSD, **P < 0.05 control vs PTSD, ***P < 0.05 PTSD vs non-PTSD.
Vietnam veterans and female victims of rape, 34 a recently published reanalysis of the NVVRS data in Vietnam veterans reported lower PTSD rates. 35, 36 Our model is based on the model developed by Cohen and the second author (JZ) 15 and this study supports further the face validity of this model in mimicking clinical PTSD. However, the model presented in this paper stresses the importance of the reminder 'component' (that is, the re-experiencing phenomenon.). As can be seen in Figure 2 , a single exposure was not sufficient to distinguish between those animals that will eventually display PTSD-like symptoms. Moreover our model also stresses the need for long-term evaluation of the symptoms following the exposure to the trauma.
In order to test predictive validity and allocate a possible biological marker, we then proceeded to test the effect of citalopram, an SSRI used in PTSD patients, in our model. We found a significant reduction as a result of citalopram treatment, in 'companion condition' (50%), with an average though nonsignificant reduction in the 'avoidance' (50%) and 'hyperarousal' (30-34%) clusters. A case report 37 of two gulf war veterans that were treated with citalopram was also in line with these results, reporting an improvement in the social isolation while the flashbacks and intrusive thoughts continued. However, Significantly different values were detected with one-way analysis of variance followed by post hoc bonferroni or tamhane. *P < 0.05 control vs non-PTSD, **P < 0.05 control vs PTSD, ***P < 0.05 PTSD vs non-PTSD. Note that the division to 'PTSD' and 'non-PTSD' groups was performed after Re 2 , therefore the figures were constructed in relation to retrospect data.
other studies reported that treatment of PTSD subjects with citalopram (20-40 mg per day, for 8-10 weeks) resulted in a significant reduction of total symptoms of PTSD and in all three above-mentioned symptom clusters separately. [38] [39] [40] [41] A comparative study of the efficacy of citalopram treatment in children/adolescents and adults found that the mean reduction in total PTSD symptoms ranged from 39 to 54%, whereas only around 65% of the subjects were classified as responders at end point. 40 It is possible that longer treatment with citalopram could reveal more significant behavioral results in our 'exposed PTSD-like' rats, since human studies show an optimal efficacy of the drug only after 4-6 weeks of treatment. 38, 39 Elaboration of animal studies using citalopram as compared to other drugs is required to enable more accurate comparison to clinical results. Testing the average level of improvement in percentage of total freezing time, as exhibited by saline-and citalopram-treated control animals, is important for excluding decreased physical performance as an effect of surgery or injections. Results show an increase in freezing time after treatment of controls that might be related to the stressful procedure of injection. Moreover, if citalopram does actually increase the freezing time of control animals and decreases the freezing time in exposed PTSD-like animals, then the results of the 'exposed PTSD-like' animals are underestimated and even more significant.
Most studies on PTSD concentrate on long-term alterations in sympathetic and HPA axis reactivity. 42, 43 Some studies describe alterations in the immune modulations. 42, [44] [45] [46] [47] [48] [49] One pivotal study suggested that changes in peripheral blood mononuclear genes may serve as a fingerprint. 26 However, it was unable to conclude that these changes are merely informative or bear relevance for the pathogenesis of PTSD. Nonetheless, while these alterations were suggested as expressing a modulator role in PTSD, these markers are peripheral and not necessarily reflect the alteration in the site of the disease. We tried to locate a central (brain) marker since we believe that such marker might be more indicative of the post-traumatic syndrome pathology that lead to the disease.
Human studies indicating that WFS1 gene may play a role in psychiatric disorders were first suggested by Swift et al. 50 They reported that heterozygous carriers of WFS1 mutations are 26-fold more likely to require psychiatric hospitalization than non-carriers. On the basis of these observations, WFS1 was investigated in several studies as a candidate for psychiatric disorders. 12, [51] [52] [53] The relevance of these variants is difficult to interpret since a control population was not included. Nevertheless, haplotype analysis revealed a common GTA haplotype, formed by singlenucleotide polymorphisms 684C/G, 1185C/T and 1832G/A, conferring risk for affective disorders and anxiety. 29 As suggested by others, early changes in gene expression have little relevance to the implantation of a chronic illness if it does not persist on the long term. 54 We postulate that changes in WFS1 in the brain, specifically in the CA1 and amygdala, may serve as a 'reporter gene' for PTSD since alteration in its expression is associated with the development of long-term PTSD. Moreover, WFS1 remained unchanged in animals that were exposed to the same traumatic procedure but did not develop PTSD behavior (exposed non-PTSD-like rats). Chronic treatment with citalopram normalized long-term changes of WFS1 in PTSD-like animals parallel to improvement in their behavioral manifestation (Figure 4 ). At this point we cannot indicate when after the traumatic event the expression of this gene is increased, Figure 4 Quantitative analysis of WFS1 mRNA expression. WFS1 mRNA expression levels in the CA1 and the Amygdala (a and b) following saline or citalopram treatment. Different values (means7s.e.m.) significantly detected (a, F (3,11) = 8.64, P < 0.05; b, F (4,10) = 32.83, P < 0.01, accordingly) using one-way analysis of variance followed by post hoc bonferroni. *P < 0.01, PTSD-saline vs PTSDcitalopram, **P < 0.05, non-PTSD vs control-saline and control-saline vs PTSD-saline, ***P < 0.05 control-saline vs PTSD saline.
but we can say that its alteration is long term. In addition, at this time we cannot define the WFS1 mechanism in PTSD as there is not yet available knowledge regarding wolfram function.
Although in this study we did not test the distribution of WFS1 mutation as a possible cause of differences in the response to the trauma, it is tempting to speculate that individuals carrying a WFS1 mutant gene will be more vulnerable to develop PTSD. Hofmann 55 has described molecular abnormalities in the WFS1 gene and has shown that specific mutations in the WFS1 gene affect protein stability resulting in lower wolfram (protein) levels. Preliminary data from our laboratory have shown that in PTSD-like rats, both WFS1 expression and translation levels are lowered (not published observation).
Identification of markers in PTSD, such as Wolframin, may enable future screening for and identification of individuals vulnerable to the development of PTSD after exposure to a traumatic event. Providing these individuals with prophylactic treatment may prevent or decrease the prevalence of development of the disorder.
